The L-F phase transition of malononitrile, CH2(CN)2, has been characterized by powder X-ray diffraction analysis. The powder data of L and F phases are given. Crystallographic results are consistent with spectroscopic and calorimetric ones which indicate that this transition is of first order and corresponds to a reconstructive mechanism.
Introduction
It is well known that malononitrile, CHz(CN)2, may exist in at least four phases in the solid state, i.e. below Tm= 304.9 K. These phases are called T, F, T' and L according to Zussman & Alexander (1968) and Le Calv6, Pasquier & Novak (1980) .*
The polymorphism of malononitrile is complicated by the existence of metastable phases. It can be succinctly described in the following way: by heating a quenched sample, one can observe three forms which are successively T', F and T. The T'~ F transition occurs at 141K and the F--.T one at 294.7K as reported by Zussman & Alexander (1968) from the pure nuclear quadrupole resonance of ~4N. The calorimetric investigations of Girdhar, Westrum & Wulff (1968) have shown that below 260 K the F and T' forms are only metastable and that the L phase is in fact the stable one in this temperature range.
The F ~ L transition is very slow (so that the F phase * More recently Dove & Rae (1980) have respectively labelled these forms as ~, fl, ~ and ft.
can be easily undercooled), whereas the reverse L --, F transition is very fast and shows a normal specific-heat anomaly at 260 K (Girdhar et al., 1968) .
The F phase has been reported as monoclinic (P21; a=7.82, b= 7.63, c=6.16/~ and fl=96.7 ° at 287 K) by Nakamura, Tanisaki & Obatak6 (1971) and, more recently, as triclinic [P-l; a=7.82 (1) Dove & Rae (1980) who determined the crystal structure. On the other hand, no crystallographic characterization of this transition has yet been Published. The purpose of this paper is to present our results on this characterization and to report the powder diffraction data of the L phase.
Experimental
Commercial polycrystalline malononitrile (Fluka A-G) was purified by crystallization and sublimation. The compound was kept near 250 K for three weeks in order to obtain a pure L phase. The preparation of the sample for X-ray analysis was done at the same temperature in a freezing box where the powder was spread between two thin aluminium sheets. The sample was then quenched into liquid nitrogen and quickly introduced into a low-temperature Guinier-Lenn6 camera, whose temperature was previously stabilized at 223 K. The increasing temperature was programmed from 223 to 290 K. The X-ray recording conditions were: Cu K~ radiation, quartz monochromator, window width of 1 mm and film speed of 1.5 mm h-1 Spectroscopic experimental conditions have been reported in a previous paper (Le Calv6 et al., 1980) . 
Results
The existence of a phase transition in malononitrile at 260 K is confirmed by X-ray diffraction as shown in Fig.  1 , where a striking discontinuity in the diffraction pattern is observed at the temperature of the transition. Powder pattern data for the L phase at 243 K and for the F phase at 288 K are reported in Tables 1 and 2 , respectively. The relative intensities given in these tables are those measured with a Joyce-Mk III C densitometer. Our powder data for the F form are in good agreement with those of Dove & Rae which are reported in Table 2 for comparison. 
Discussion
It appears clearly from our X-ray study that the L-F transition corresponds to a complete change of the crystal structure. This result is in agreement with the observation of Girdhar et al. who wrote 'this transition may be accompanied by a considerable volume change, as the calorimeter was distorted by about 5~,', upon completion of the measurements'. The difference between the L and F structures is also supported by the fact that there are major spectroscopic differences between the vibrational spectra of the L and F phases.
The main changes are observed in the CH and CN stretching regions. In the spectrum of the L phase, one observes a considerable low-frequency shift of the antisymmetric and symmetric CH stretching bands (about 70 cm-1), and increases of a CH2 scissoring frequency and of a CN stretching one. From these observations it can be concluded that CH • • • N hydrogen bonds exist in the L phase but not in the F one. (In this latter phase, CH and CN vibration frequencies are identical to those of the gaseous phase.)
In conclusion, the X-ray results are consistent with 
